To determine the impact of vitamin A supplementation on physical growth in young children. Design: Randomized, double blind, placebo controlled trial. Setting: Urban slum community clinic. Subjects: 900 children, aged 12-59 months, attending the community clinic with diarrhea of 7 d were included in the trial. In the children supplemented with vitamin A during summer, the mean increment in weight was 140 g more than those who received placebo (95% confidence interval CI 30-250); there was also a significant reduction in the proportion of children who were wasted (< ÿ 2 weight-for-height Z-score) at end study (Odds Ratio 0.53, 95% CI 0.28-1.0, P 0.03). There was no significant impact of vitamin A on height increments in children supplemented during summer. Conclusion: Vitamin A supplementation in 12-59 month old children improves weight gain in the subsequent three months only in the summer season, but not during the rest of the year.
Introduction
Vitamin A supplementation has been shown to reduce the all cause mortality by 30% in preschool children in countries where subclinical vitamin A deficiency is common (Beaton, 1992; Fawzi, 1993; Glaziou and Mackerras, 1993) . The role of vitamin A in decreasing morbidity or improving physical growth is still not clear.
An association between low vitamin A status and impaired growth has been reported in several observational studies (Madhavan, Susheela and Swaminathan, 1967; Arroyave and Calcano, 1979; Graham, 1981) . The few intervention studies which have examined the impact of vitamin A supplementation on growth of children have reported variable results; one study found a benefit in ponderal growth in males (West, 1988) , another observed improvement in linear growth (Muhilal, 1988) , while the remaining reported no benefit at all (Rahmathullah, 1991; Ramakrishnan, Latham and Abel, 1995) . Improved physical growth following vitamin A supplementation could be a direct effect possibly involving stimulation of growth factors, or may result from a reduction in the incidence or severity of common infections (Semba, 1994) .
We conducted a double blind, randomized placebo controlled field trial to determine the impact of administration of 200 000 IU of vitamin A to children aged 12-60 months on morbidity and growth in the post supplementation period. The results of the impact of vitamin A on morbidity have been reported elsewhere (Bhandari, Bhan and Sazawal, 1994) ; this paper reports the findings pertaining to growth.
Methods

Study site
The study was conducted in the urban slum of Govindpuri in New Delhi which has about 30 000 inhabitants. Vitamin A prophylaxis had not been routinely given to children in the area during the preceding three years.
Case selection
Children attending the solitary government clinic in the area with diarrhea, defined as the passage of three or more loose or watery stools in the previous 24 h and with a The study was approved by the institutional Ethics Committee.
Randomization and intervention
The enrolled children were randomized to receive vitamin A 200 000 IU or placebo. The randomization code was drawn by the World Health Organization (WHO) using a simple randomization scheme. The vitamin A (200 000 IU) and placebo capsules supplied by WHO were labelled serially. At enrollment each child was administered the contents of the capsule next in serial number, by a physician. If the child vomited within 30 minutes, the contents of the second capsule with the same serial number were administered.
Co-interventions
The enrollment diarrheal episode and all subsequent episodes of diarrhea, dysentery and acute respiratory infections were treated strictly according to WHO guidelines. Two packets of WHO Oral Rehydration Salts (ORS) were provided to all mothers when their children had diarrhea. Dysentery was treated with nalidixic acid for five days. Children with acute lower respiratory tract infection were treated at home with cotrimoxazole, but were referred to a hospital if they had severe disease.
Study procedures
Subsequent to obtaining informed consent the child was examined by a physician. Details were sought on the socioeconomic status of the family, feeding practices, and features of the current illness.
Serum vitamin A was estimated in 40 randomly selected children in each group at baseline and a month later; this sample was sufficient to allow detection of a 20% difference in mean post supplementation serum vitamin A concentrations with 80% power and 95% confidence. Vitamin A concentrations were determined by High Performance Liquid Chromatography (HPLC) by using a reversed phase column and water-methanol (ratio 5:95) eluant (Bieri, 1979) .
Anthropometric measurements
Children were weighed on portable Salter spring balances that had a sensitivity of 0.1 kg and could measure a maximum of 25 kg. Recumbent length was measured for all children < 2 y of age while height was measured for older children using locally constructed length boards with a sensitivity of 0.1 cm.
Weights and heights (lengths) were measured by trained field workers at enrollment and conclusion of the 90 d follow up period following recovery from the diarrheal episode using the same instruments and techniques. If a child was not available on the date when the measurement was due, a household visit was made daily for 7 d and the measurement taken the day the child was contacted.
Training, standardization and supervision
The field personnel involved in the study were trained in anthropometric measurements, morbidity ascertainment and interview techniques for a period of three months at the beginning of the study. Standardization exercises for weight and length measurements were performed in which each child was measured twice. The study commenced only when the five field workers obtained identical readings in both their measurements on a child, and were in perfect agreement with the supervisor's readings, in the exercises for weight measurement. In the standardization exercises for length, a difference of upto 0.2 cm between the two readings of a field worker, and also between the readings of the supervisor and a field worker was considered acceptable. Standardization exercises were repeated every three months during the study period.
The accuracy of the weighing scales was checked daily against known weights. Independent checks were made by supervisors for half of the measurements obtained by field workers.
Analysis
Out of the 900 children enrolled, 43 were not available for the end study anthropometric measurements (25 in the vitamin A group and 18 in the placebo group); these children were excluded from the final analysis. ANOVA was used for comparisons of the continuous variables between groups; Kruskal-Wallis H-test was used when the variances of the two groups were significantly different. Categorical variables were compared using the Chi-square or Fisher exact text as applicable.
Results
There were no significant differences in age, parental literacy rates, feeding patterns and baseline anthropometry between the treatment groups (Table 1) .
Paired difference in mean serum vitamin A concentrations between baseline and one month post supplementation was 10.21 In all study children, the mean increments in weight and height during the study period were similar in the two intervention groups. The changes in mean Z-scores and the mean percent of NCHS median for weight-for-height (WFH) and height-for-age (HFA) were also comparable in the two groups (Table 2) .
We performed secondary analyses of the impact of vitamin A on growth stratified by age ( < or median), gender, breast feeding status, nutritional category (WFH or HFA < or median) and season (children enrolled in summer months, April through July; or remaining part of the year). Significant impact of vitamin A was not seen within any of the subgroups (data not shown) except among children who were enrolled during the summer months.
In the subgroup of children supplemented during the summer season (April through July), children given vitamin A had greater weight increments (mean 140 g more than those who received placebo, 95% CI 30-250); they also showed a reduction in the proportion below 7 2 weightfor-height Z-score (WHZ) at end study (Odds Ratio {OR} 0.53, 95% CI 0.28-1.0, P 0.03) even though the two groups were similar for this parameter at enrollment (OR 1.25, 95% CI 0.66-2.40). Similarly, in the children enrolled during the summer months, the mean increment in WHZ was 0.11 (s.d. 0.5) in the vitamin A and 7 0.04 (s.d. 0.5) in the placebo group (P 0.03); there were, however, no differences in height during the study period. In the children supplemented during the remaining period of the year, no impact of vitamin A was observed on any of the growth indicators (Table 3) .
Discussion
The findings of the present study indicate that administration of a large dose of vitamin A improves weight gain in children 1-5 y of age during the ensuing three months only during the summer months but not during the cooler period of the year.
These findings are plausible for several reasons. Children's intake of supplementary food in general and vitamin A rich foods in particular is low in the summer season in poor populations, as has been shown in previous studies from the Indian subcontinent (Abdullah and Ahmed, 1993; Zeitlin, 1992) . Subclinical vitamin A deficiency was more common in those enrolled during the summer months. Further, diarrheal morbidity is more common during summer and the increased urinary vitamin A losses during acute diarrhea may also contribute to higher prevalence of vitamin A deficiency (Alvarez, 1995) . Differences between groups for all the variables were not statistically significant. 
There are previous reports that vitamin A supplementation improves physical growth. In Indonesia, biannual vitamin A supplementation significantly affected the ponderal growth in males 3-6 y of age (West, 1988) . In West Java, increasing the intakes of vitamin A by fortification of monosodium glutamate significantly improved linear growth in preschool children (Muhilal, 1988) . However, two studies from south India reported that weekly low-dose or large dose vitamin A supplementation had no impact on physical growth of children (Rahmathullah, 1991; Ramakrishnan, Latham and Abel, 1995) . The variability in the growth impact following vitamin A supplementation across studies may be attributable to differences in baseline vitamin A status, dietary factors, infection burden, season and duration of follow up. It is noteworthy that the effect of season on growth impact of vitamin A was not examined in the previous reports. The 140 g benefit in mean weight gain in the three month follow up period following vitamin A supplementation may be considered modest, particularly because it was only achieved during the summer months. However, the 47% reduction in the proportion below ÿ 2 WHZ at end study in the vitamin A supplemented children is substantial and important from a public health perspective.
Some limitations of this study need consideration. Firstly, the period of follow up was three months which may have been too short a period to register an impact on linear growth. Secondly, children with acute diarrhea were selected for the supplementation and there may be concern about impairment in vitamin A absorption during diarrhea. However, the significant increase in mean serum retinol concentration in the supplemented group in our study suggests that sufficient vitamin A was absorbed. Also, it has previously been shown that nearly 70% of administered vitamin A is absorbed during acute diarrhea (Reddy, 1986) . Thirdly, for ethical reasons, severely malnourished children were excluded from the study and it is possible that vitamin A has a greater impact on growth of such children. Lastly, given the wide confidence interval around the point estimate for the reduction in risk of being wasted three months following vitamin A supplementation, large studies preferably carried out when the prevalence of vitamin A deficiency is high will be required to obtain more reliable estimates of the impact on this outcome.
Conclusions
Findings of this study show that the subclinical deficiency of vitamin A peaks during the summer months and the growth promotional effect of vitamin A supplementation becomes evident only during this period.
